Introduction
Materials, the surface of which is modified by polyelectrolyte, have been intensively studied in the past decades due to their wide potential applications in nanotechnology and biomaterials [1, 2] . Especially, porous materials grafted with polyelectrolyte, a kind of high-surface-area material, are expected to have excellent performance in application. Their prospect has been reported in many publications [3] [4] [5] [6] : membranes for facilitating protein renaturation [3] , ion-exchange materials for protein purification [4] smart material for drug delivery system [5] , and proton-exchange membranes for fuel cells [6] .
For fabrication of such materials, radiationinduced graft polymerization, by means of electron-beam, X-ray, ultraviolet light or plasma irradiation, is a convenient method because of the rapid and facile formation of active sites on the substrate. Among those, plasma-induced graft polymerization (PIGP) (Fig. 1) can provide favorable feature onto the materials. Namely, compared with the methods using high energy radiation such as electron-beam or X-ray, PIGP can activate only the outer surface and inner pore surface of porous substrate [7] , in other words, the technique has little negative effect on the mechanical properties of the substrate.
However, as far as we know, it is not easy to introduce polymer chains with high content of ionic groups into the hydrophobic porous membranes via PIGP. The degree of polymerization obtained was extremely low [8] . From the microscopic point of view, the probable reasons are considered in two aspects: one is the electrostatic repulsion between charged polyelectrolyte chain and monomer, which hinders the propagation step of polymerization. The other is hydrophobic interaction between monomer and porous substrate. The hydrophobicity of the porous membrane prevents the reaction with hydrophilic ionic monomer molecule. Directing at the two problems, the present work is focused on the preparation of poly(2-Acrylamido -2-methylpropane sulfonic acid) (polyAMPS) grafted porous high density polyethylene (HDPE) membranes. It shows the potential to prepare polyelectrolyte grafted porous membranes with high filling ratio by the present method.
Method

Materials
The HDPE substrate (thickness 27 µm, porosity 50 %, maximum pore size 150 nm) was kindly supplied by Asahi Chemical Co. Ltd., Japan, and was washed twice by hexane in an ultrasonic bath for 1 hour before use. 2-Acrylamido-2-methyl propane sulfonic acid (AMPS) was purchased from Merck Chemicals, Tokyo, Japan. All the other chemicals were purchased from Wako Pure Chemicals, Osaka, Japan. All of the reagents were used as received.
2.2 Preparation of polyAMPS grafted membrane using plasma-induced graft polymerization.
The aqueous solutions of AMPS, with or without additive, were used as monomer solution and were degassed by repeated freezing and thawing. Additive here means 10 wt% sodium chloride (NaCl), lithium chloride (LiCl) or sodium dodecyl sulfate (SDS). The plasma-induced graft polymerization technique developed in our previous work [7] was employed. Briefly, a HDPE substrate was treated with argon plasma at a pressure of 10 Pa, and then was exposed to air for 1 minute. The treated substrate was then immersed in the degassed monomer solution and was reacted at 80 ºC for 1 hour. Polymerization was evaluated by weight gain and confirmed by the peak ratio of P1 (Amide I at 1650 cm -1 of polyAMPS) to P2 (1463 cm -1 , derived from CH 2 -bending of PE substrate) in its FT-IR spectrum. Considering the area of outer surface is negligible compared with that of pore surface, the filling ratio of fabricated membrane was used to evaluate the degree of polymerization. The filling ratio is defined by the following equation: ) is the density of the polyAMPS and is assumed to be 1.0 g/cm 3 . pore V (cm 3 ) is the pore volume of the substrate.
Results and discussion
Different AMPS monomer solutions were used for graft polymerization. The composition of monomer solutions and the filling ratio for each solution are listed in Table 1 . The filling ratio of membrane prepared by using solution containing only AMPS (solution 1 in Table 1 ) was as low as 0.5 % and no significant difference in FT-IR spectrum from HDPE substrate was observed. It proves the low reactivity of the AMPS monomer for PIGP. The low reactivity was firstly considered to be the result of electrostatic repulsion. For the polymerization of strongly dissociating electrolyte monomer in aqueous medium, both polyelectrolyte chains and monomer are charged and the electrostatic repulsion between them may prevent the elongation of the polymer chain.
Pointing at the electrostatic repulsion, NaCl or LiCl was added to the monomer solution. The principle is represented in Fig. 2(a) . It has been reported in literature that the addition of NaCl or LiCl facilitated the copolymerization of sodium allylsulfonate and acrylic acid [6] . The role of NaCl or LiCl was explained as follows; supplying large amount of ions to screen the charge of the electrolyte groups in the polymer chains and therefore minimizing the electrostatic repulsion. As a result, the polymerization rate was improved. However, in the present work, negligible difference in filling ratio was observed when using solution with NaCl or LiCl (solution 2 and 3 in Table 1 ), which proves that the addition of the salt as much as 10 wt% to cancel the electrostatic repulsion has only little effect on the graft polymerization of AMPS. In response to the result, the second strategy, reducing the repulsion induced by hydrophobic interaction was taken into account. SDS, an ionic surfactant, was added to the monomer solution (solution 4 in Table 1 ). Consequently, the filling ratio of the membrane prepared by this solution was raised to 2.2 %. In its FT-IR spectrum, the broad peak around 1200 cm -1 and the peak at 1050 cm -1 derived from sulfonate group, and the peaks at 1650 cm -1 and 1550 cm -1 derived from amide group of AMPS were observed. To confirm the 472 positive effect of SDS in the polymerization of AMPS, solutions with higher AMPS concentration were applied for PIGP (see Table 2 ). The filling ratio increased with the raise of monomer concentration. The height change of peaks derived from polyAMPS also confirmed such a dependency (Fig. 3) . These results indicate that graft polymerization of polyAMPS was facilitated successfully by adding SDS. The key role that SDS played here is considered to be weakening the hydrophobic interaction ( Fig.  2 (b) ) between HDPE substrate and AMPS monomer. The HDPE pore surface is extremely hydrophobic, while AMPS monomer has a high degree of hydrophilicity and is surrounded by free water. The hydrophobic interaction can prevent the monomer from approaching the substrate, which becomes a great resistance for the initiating step of the graft polymerization. One of the most common used surfactants of SDS has the function to adsorb onto the hydrophobic surface, make the surface less hydrophobic, and hence make it easier for electrolyte monomer to react with the radical, initiating the polymerization.
On the other hand, it doesn't mean the possibility of the existence of electrostatic repulsion can be excluded, since SDS is inherently a kind of electrolyte. It can also dissociate and provide ions to screen the electrostatic repulsion between polymer chains and monomer as NaCl and LiCl do. In order to figure out the mechanism of facilitating the ionic monomer PIGP via surfactant, further study should be carried out, and the application of nonionic surfactant will be attempted. In addition, the effect of SDS on the PIGP of other ionic monomers is now under investigation. The present study provides a promising method for the preparation of strongly dissociating polyelectrolyte grafted membranes. Such highly functionalized membranes are expectable to have excellent performances in areas such as catalysts, fuel cells and biomaterials.
Conclusion
AMPS, a widely used sulfonic acid acrylic monomer, was used to study the preparation of strongly dissociating polyelectrolyte brushes by plasma-induced graft polymerization. It is suggested that the hydrophobic interaction instead of electrostatic repulsion is the main resistance for polymerization of AMPS, since the addition of SDS enhanced the filling ratio to 10.7 % while the addition of NaCl or LiCl did not. Further study on the effect of SDS in the plasma-induced graft polymerization is expected to facilitate the development of highly functionalized materials and therefore to enlarge their application prospect.
